Recent interest in male mate choice has prompted a re-examination of widely held beliefs regarding sex roles in animal mating systems. It is now known that males can be choosy based on female quality, but studies which directly compare the aspects of female quality and their influence on male mate choice are relatively rare. The brush-legged wolf spider Schizocosa ocreata (Hentz) has a well-studied male courtship display, which shows evidence of male mate choice based on female mating history and foraging history, as well as possible effects of experience and rearing environment. This makes it an excellent system to compare the importance of these 2 female states and examine how the choice patterns they give rise to may be influenced by the environment. By examining male courtship and female behavior under different circumstances and across environmental experience conditions, the relative effects of these factors can be inferred. Evidence collected in this study suggests that female mating status is the dominant predictor of mate choice, with males generally courting virgin females more vigorously regardless of context, as well as females showing higher levels of receptivity when unmated. An important exception to this trend is seen in field-reared males and their female partners, who show less behavioral differences based on female state, suggesting that this preference is not static and may be influenced by experience.
INTRODUCTION
Mating systems are an important factor in determining the composition of successive generations and are one of the most widely studied elements of animal behavior (Emlen and Oring 1977) . Traditionally, females have been considered the "choosy" sex and males the "promiscuous" sex in systems that utilize persuasive courtship; therefore, Bateman's principles state that the fitness of the male will increase with increasing number of copulations while the fitness of the female will not (Bateman 1948; Arnold 1994; Collet et al. 2014) . Research in this area has therefore mainly focused on the principles underlying the concept of female choice, i.e., what makes a male attractive. Factors such as male size, coloration, health, ability to provide resources, and the genetic potential behind these qualities have been shown to influence a female's willingness to accept a partner (Ryan and Keddy-Hector 1992; Jennions and Petrie 1997; Widemo and Saether 1999) .
However, this paradigm does not consider the possibility of male mate choice, consequently this area of research is significantly understudied (Tang-Martinez and Ryder 2005; Tang-Martinez 2016) . More recent studies have shown that even within systems where Bateman's principles hold true, males may still exhibit a degree of choosiness when there is a significant energetic cost to mating or when female quality is variable (Bonduriansky 2001; Edward and Chapman 2011; Collet et al. 2014) . From a male's perspective, female quality can be reduced in 2 main ways, though few studies have examined their relative importance in influencing choice or their interactions. First, in taxa that exhibit first-male advantage in sperm competition, previously-mated females do not offer the same level of fitness benefits to a male that a nonmated female would (Parker 1970; Wedell et al. 2002; Wigby and Chapman 2004) . Since these mated females would possess fewer unfertilized eggs on average than nonmated females, males would benefit from the ability to discriminate between them and have been shown to preferentially associate with or engage in courtship toward the latter (Dewsbury 1982; Thomas 2011) . Second, fecundity differences may lead to variation in female quality. Often, larger females tend to have higher fecundity, leading to strong male preference relating to body size (Bonduriansky 2001) . Additionally, recent foraging history can also influence fecundity and behavior (Scharf 2016) , which may provide advantages to males that can discern information relating to foraging history through cues other than body size (Barry 2010; Maxwell et al. 2010; Avigliano et al. 2016) .
In spiders, male-female interactions take on another layer of complexity. Factors such as mating history and feeding history can have an increased effect due to their association with female Behavioral Ecology (2018), 2019(1), 27-38. doi:10.1093/beheco/ary172 Behavioral Ecology behaviors that carry significant risk of physical harm. Due to the relatively high likelihood of sexual cannibalism in many spider species and their generally solitary lifestyle, intersexual encounters tend to be infrequent and potentially fatal for individual males (Elgar 1992; Elgar and Schneider 2004; Prenter et al. 2006) . Since the outcome of these encounters may depend on whether a female considers a male a potential mate or potential prey (Blamires 2011; Berning et al. 2012) , it is important for males to be able to accurately and reliably detect female cues that indicate how she might respond to courtship. In sexually monandrous species, successful copulation will reduce a female's receptivity to successive male advances and make a previously-mated female less attractive to a male (Suter 1990; Elgar 1998; Herberstein et al. 2002; Stoltz et al. 2007; Baruffaldi and Costa 2014) . Additionally, research in some spider taxa has suggested the presence of female-associated cues containing information regarding hunger state, which may also influence male courtship behavior (Johnson et al. 2011; Baruffaldi and Andrade 2015) .
In Schizocosa ocreata (Hentz), a common wolf spider which resides in deciduous forest leaf litter throughout eastern North America, the importance of intersexual communication, female physiological state, and individual experience have been well established as factors influencing mate choice in both sexes and determining the outcome of mating interactions. Although male S. ocreata are polygynous and will frequently mate multiple times if given the opportunity, females are generally monandrous and rarely consent to secondary matings (Norton and Uetz 2005) . Males will begin courtship when exposed to a female chemical cue that advertises her presence and provides a wide range of information regarding her identity and physiological state, including mating and hunger status (Roberts and Uetz 2004; Roberts and Uetz 2005; Moskalik and Uetz 2011a) . Just as these states influence the cues these females produce, they also influence the pre-and postcourtship behaviors they exhibit, making them more or less likely to display receptivity or aggression towards their male counterparts, and likely acting as a source of selection on associated male behaviors (Persons and Uetz 2005; Uetz 2011a, 2011b) .
The males of this species possess secondary sexual characteristics in the form of brushes, or tufts of bristles, on the tibia of their forelegs. The tufts are utilized as visual signals in conjunction with leg-tapping and substrate-borne vibratory signals, forming multimodal courtship displays which males employ to identify themselves to females for species recognition and as persuasive courtship (Scheffer et al. 1996; Uetz et al. 2009 ). These courtship displays and ornaments are physiologically and energetically costly (Cady et al. 2011) , as well as condition dependent Gibson and Uetz 2008; Gibson and Uetz 2012; Gilbert et al. 2016) . Furthermore, males have been shown to vary courtship investment by altering aspects of this courtship display (i.e., the number or rate of certain components) in response to female characteristics such as those previously discussed. For instance, male S. ocreata will reduce the number of courtship bouts in response to cues from females that have already mated, females outside of a certain age range, and females that have been deprived of food (Roberts and Uetz 2005; Moskalik and Uetz 2011a) .
Recent work has also established the potential importance of individual experience and environmental history in S. ocreata. Several studies have shown that female S. ocreata may alter their preferences for certain male traits and signal types depending on the social environment they are exposed to before maturation (Rutledge et al. 2010; Rutledge and Uetz 2014; Stoffer and Uetz 2015 , 2017 . Furthermore, experience may also influence the courtship behavior and preferences of males of this species, as at least one study has shown that previous experience with female chemotactile cues can result in changes in courtship vigor toward food-deprived females (Moskalik and Uetz 2011a) . Unfortunately, few studies have been successfully conducted in which environmental conditions have been manipulated during S. ocreata development (though there is evidence of behavioral differences between field caught spiders and spiders reared in laboratory conditions; see Gibson and Uetz 2012; Clark et al. 2015) , resulting in a poor understanding of exactly how past biotic and abiotic conditions may influence behavior. However, the various environmental and social factors reviewed by Jennions and Petrie (1997) that influence female mate choice may also be relevant to the strong male mate choice exhibited by this species. Field-reared males may therefore experience and have their preferences shaped the structural complexity of the environment, temperature variation, mate availability, intrasexual competition, predation risk, or any number of other variables that would not be experienced by lab-reared males and might affect the costs and benefits of courtship or other aspects of mating systems.
Altogether, this illustrates the complexity and variability of this well-studied mating system. To enhance our understanding of the relationship between these factors, it is necessary to directly compare their effects within sample populations. Previous studies have examined the impact of variables such as mating history, feeding history, and experience as isolated variables and have demonstrated multiple preference axes that male S. ocreata respond to regarding female state and quality, but there would be no separation of these variables among individuals in a natural population. This internal complexity would therefore lead to much greater variation in the combinations of physiological states, histories, and behaviors possessed and exhibited by the members of the community. Therefore, it is possible that combined factors may lead to complex interactions in behavior and mate choice that may have significant impact on overall fitness.
In mating systems with persuasive courtship, male mate choice is often demonstrated through modifications to courtship behavior (Edward and Chapman 2011) . It is within this dynamic that intersexual communication becomes the critical means of both expressing and quantifying choice. At its simplest form, successful communication involves the transmission of some information-containing cue from one party-termed the signaler or sender-to one or more additional parties-termed the receiver. Often the production of these signals is an energetically costly process, making them honest indicators of both male quality and male investment (Endler 1992; Bradbury and Vehrencamp 1998; Billen 2006) . In the most extreme form of mate choice, males may choose to forego engaging in courtship toward less attractive females, although less dramatic male choice may also be observed through changes in courtship vigor and energy expenditure (Edward and Chapman 2011) . This potential for modification not only allows males to optimize their reproductive investment depending on female quality, but also allows researchers to quantify and investigate the circumstances under which this occurs.
The research described herein attempted to use this variation in male courtship communication and corresponding female behaviors to examine the effects of female states on male mate choice in multiple dimensions. Specifically, we investigated whether female mating status (representing the effect of sperm competition) and hunger status (representing possible variation in fecundity) have an interactive effect on male courtship, i.e., whether a male's response to a female's level of hunger will depend on or vary with her mating history or vice versa. Since behavioral differences have been observed between lab-reared and field-reared S. ocreata, we also asked whether a male's history (representing a suite of possible experience factors) might influence overall courtship vigor and investment and how this history might interact with the above female states. Male courtship analyses from isolated and paired (males courting in response to female chemical cues only and in response to live females and their cues with no obstruction, respectively) experiments are presented and discussed. Furthermore, female analyses from isolated and paired (females responding to video/vibratory playback and responding to live male courtship without obstruction, respectively) experiments are also presented to provide context for the male choice and behavior data described above.
METHODS

Animal maintenance and care
All female S. ocreata and those males specified as "lab-reared" were collected from the Cincinnati Nature Center Rowe Woods in Clermont County, OH (N 39° 7′ 32.894′′ W 84° 14′ 57.692′′) as juveniles and raised to maturity under a 13L:11D light cycle at 21 °C. Collection occurred from March to May and August to October 2014-2016, with "lab-reared" spiders generally maturing and being used in trials within 2-3 months of collection date. Spiders specified as "field-reared" were collected from the same population as above, 1-2 weeks after mature males were first observed at the collection site (generally late May) and housed under the same environmental conditions until use (trial dates ranged from 1 to 21 days postcollection). All spiders were kept individually isolated from the time of collection to the trial date in opaque plastic "deli dish" containers (diameter = 9 cm) with continuous access to water. Spiders were fed 2-3 juvenile Acheta domesticus (common cricket, described by vendor as "1/8 inch" or 3.175 mm in size) twice a week from the collection date until the start of the trial or when otherwise stated.
Treatment groups
All experiments described herein utilized females from 4 treatment groups combining 2 female states (hunger and mating status) in a factorial design. These treatment groups are referred to as virgin-fed (VF), virgin-deprived (VD), mated-fed (MF), and mateddeprived (MD). Since females are most receptive in the third and fourth week postmaturity (14-28 days; Uetz and Norton 2007) , females were randomly assigned to 1 of these 4 treatment groups upon reaching 7-14 days postmaturity. Females assigned to the "mated" groups (MF and MD) were paired with similarly-aged males and allowed to mate. Females that failed to mate or cannibalized the male were discarded from further use. After females from "mated" groups had completed their interactions with males, all females assigned to "deprived" groups (whether virgin or mated) were deprived of food for 7 days, while females assigned to "fed" groups (whether virgin or mated) continued to be fed per the regular schedule for this same period until use in trials. Across all studies, food-deprived females were confirmed to have significantly less mass than fed females (Wilcoxon Signed Ranks, z(325) = 7.068, P < 0.0001), though no difference was observed in body size, i.e., cephalothorax width (Wilcoxon Signed Ranks, z(271) = 0.79062, P = 0.4292). Spiders included in fed groups were fed one cricket 24 h prior to trials to eliminate hunger effects. Sample sizes for each treatment varied depending on the experiment and are included below. Throughout this study, lab-reared males and virgin females were known to have had no previous experience with mature members of the opposite sex, courtship signals (artificial or natural), or with any other spider since collection. The mating and social history of "field-reared" males was not assumed and may vary (see "Discussion" for details).
Female playback experiment
The aim of this experiment was to establish a baseline of female behavior across reproductive and feeding states. To do so, females from the 4 treatment groups (aged 14-21 days postmaturity) were exposed to a combined video and vibratory playback of male courtship (see Uetz and Roberts 2002 for discussion on the use and effectiveness of playback in S. ocreata). Playback was used to observe female interaction with males without the possibility of males adjusting their courtship behavior to compensate for female quality, thereby eliminating the effect of male mate choice on female behavior. Each female (total N = 101, VF = 25, VD = 26, MF = 25, MD = 25) was placed in a circular arena (diameter = 20 cm) and exposed to 5 min of a playback stimulus from 1 of 3 male exemplars, as in Roberts et al. 2007 and Uetz et al. 2011 . All trials were recorded with a SONY Handycam HDR-XR260 and females were scored for latency to receptivity and number of receptive displays (pivot, tandem leg extend, settle, see McClintock and Uetz et al. 2009 for descriptions and significance).
Male courtship on female silk experiment
The aim of this experiment was to investigate how males with different levels of experience respond to female cues in the absence of feedback from a live female. Female spiders aged 14-21 days postmaturity (total N = 45, VF = 10, VD = 12, MF = 12, MD = 11) were placed in individual circular arenas (diameter = 15 cm) constructed from transparent plastic and allowed to deposit silk on a filter paper disk for 12 h. The female was removed from the arena and the filter paper disk was then cut into 2 equal halves, creating 90 silk stimuli for eliciting male response. The scissors were cleaned with 70-percent ethanol before the first disk was cut and after each subsequent disk to remove any silk or chemical residue, preventing between-treatment contamination. Individual lab-reared male spiders (N = 85) aged 14-21 days postmaturity were then randomly paired with one of the previously prepared silk samples, placed on the filter paper in a rectangular plastic container (7 × 13 cm), and recorded for 5 min. Due to the female cues being necessarily associated with the substrate, no pre-stimulus acclimation period was possible with this design. After completion of the observation period, males were removed from the filter paper and returned to their housing containers. Silk samples were then discarded and the test containers cleaned with ethanol to remove chemical cues left behind. This procedure was repeated using field-reared males (N = 80) and new females (total N = 45, VF = 11, VD = 12, MF = 11, MD = 11). All trials were recorded with a SONY Handycam HDR-XR260 and scored for latency to begin courtship, number of courtship bouts, and number of cheliceral strikes (refer to Delaney et al. 2007 for detailed descriptions of these behaviors). Afterwards, the number of cheliceral strikes was divided by the number of courtship bouts for each male to calculate strikes-per-bout as a measure of overall courtship vigor.
Live mating experiment
The aim of this experiment was to investigate how male mate choice at different experience levels functions in a live mating encounter and the effects of that choice in terms of successful copulation. Female spiders aged 14-21 years postmaturity (total N = 87, VF = 22, VD = 23, MF = 21, MD = 21) were individually placed in a circular arena (diameter = 15 cm) on filter paper and allowed to deposit silk for 2 h. A single lab-reared male, aged 14-21 days postmaturity (total N = 87), was then placed in each arena and the male and female were allowed to freely interact for 5 min. Again, due to the necessity of female cues being associated with the substrate, no acclimation period was possible. After the 5-min interaction period, spiders were removed and returned to their housing containers. This procedure was then repeated using field-reared males (total N = 67) and a new set of females (total N = 67, VF = 16, VD = 18, MF = 16, MD = 17). All trials were recorded with a SONY Handycam HDR-XR260 and males were scored for latency to begin courtship, number of courtship bouts, and number of cheliceral strikes. Once again, the number of cheliceral strikes was divided by the number of courtship bouts for each male to calculate strikes-per-bout as a measure of overall courtship vigor. Females were scored for latency to receptivity and number of receptive displays. The occurrence of a successful copulation, as well as the time of the event, was also recorded. At no point in this experiment did copulating pairs separate within the 5-min trial period, thus the maximum number of copulations for any trial was 1.
Statistical analyses
Mate choice can be exhibited in a number of ways (likelihood and latency to engage in a behavior, as well as modifications to those behaviors), so a variety of analyses were conducted. First, latency (to court, display receptivity, or copulate) was analyzed with JMP (SAS 2015, version 12.1.0) using a parametric survivorship analysis with a Weibull distribution. Next, analyses of the likelihood to display behaviors or to engage in copulation and analyses of discrete courtship behaviors for both males and females were conducted in the R statistical package (R Core Team 2017, version 3.4.0) . In order to test the hypotheses of this study, and more specifically to investigate the interactions between variables, generalized linear models (GLMs) were constructed with probability (to court, display receptivity, or copulate; family = binomial), the number of cheliceral strikes per courtship bout (for analyses of male vigor; family = gaussian), and the total number of receptivity displays (for analyses of female receptivity; family = Poisson) as response variables and female mating status, female hunger status, and male rearing environment as factors. The exception to this was the Female Playback Experiment, which did not vary male rearing environment and therefore did not include this variable or its interactions in the analysis. Additionally, since trial length in the Live Mating Experiment varied depending on whether (and when) successful copulation occurred, the total number of female receptivity behaviors was inevitably influenced by time. Therefore, when analyzing female receptivity in live mating, log(trial length) was included as an offset term in the GLM formula to account for the positive relationship between the number of displays and time.
Once these models were constructed, they were then compared to intercept-only "null" models with likelihood ratio tests to examine whether the included factors influenced the behavior of interest. Models which showed statistically significant influence were then examined further by systematically removing individual terms or interactions from the GLM formula to create reduced ("nested") models which were then compared to the original full model. A likelihood ratio test returning a significant P-value when comparing a reduced model with the full model indicates that the reduced model explains less of the variation present in the response variable (i.e., the factor or interaction which was removed to create the reduced model has a significant effect on the behavior being analyzed).
RESULTS
Female playback experiment
When the full model for the probability to show receptivity was compared with the null model, no difference was found in the likelihood of females to display receptivity based on female state over a 5-min trial (X 2 = 1.436, df = 3, P = 0.6971). Likewise, a parametric survival analysis (Weibull) found no effect of female state on the latency to display receptivity toward the male stimulus (X 2 = 2.6166, df = 3, P = 0.4546). However, a full-model GLM containing female mating status and hunger status (plus interaction) as factors was significantly better at explaining the variation in the number of receptivity displays made by females than an interceptonly model (X 2 = 21.081, df = 3, P = 0.0001; Figure 1 ). Further comparisons showed that the full model also explained more variation than a model without hunger status (X 2 = 10.154, df = 2, P = 0.0062), a model without mating status (X 2 = 21.018, df = 2, P < 0.0001), and a model which included both factors but no interaction between them (X 2 = 9.9756, df = 1, P = 0.0016). A summary of these tests can be found in Table 1 . Overall, mated females engaged in less receptivity displays on average when compared with virgin females but there was little difference in the average number of displays performed by food-deprived females and fed females (Figure 1b) , suggesting the interaction with mating status is causing the significant influence of hunger status, not the main effect itself.
Male courtship on female silk experiment
Likelihood of courtship When the full model for the probability to engage in courtship was compared with a null model, the full model was found to better explain the variation therein (X 2 = 23.533, df = 7, P = 0.0013). Further comparisons showed that the removal of mating status from the model resulted in a significant change in explanatory power (X 2 = 20.362, df = 4, P = 0.0004; Figure 2a ), indicating that males were much less likely to court silk from mated females compared with silk from virgin females.
Courtship latency
Latency to begin courtship was influenced by several factors (X 2 = 49.404, df = 7, P < 0.0001; Figure 2 ). Males began courtship sooner when given silk from virgin females (X 2 = 41.369, df = 1, P < 0.0001) and silk from fed females (X 2 = 4.891, df = 1, P = 0.027). Furthermore, the analysis showed an interaction between the mating status of the female silk donor and the rearing environment of the focal male (X 2 = 4.087, df = 1, P = 0.0432; Figure 2b ), wherein field-reared males paired with silk from mated females took longer to begin courtship than all other males in all other treatments.
Courtship behaviors
For male courtship vigor, the full model explained more variation in the number of cheliceral strikes-per-bout than the null model (X 2 = 70.454, df = 7, P < 0.0001; Figure 3) , with further comparisons showing the importance of female mating status (X 2 = 39.2794, df = 4, P < 0.0001), male rearing environment (X 2 = 46.865, df = 4, P < 0.0001), female hunger status (X 2 = 15.271, df = 4, P = 0.0307), and the interaction between female mating status and male rearing (X 2 = 22.507, df = 2, P = 0.0004; Figure 3b) . A summary of these results can be found in Table 2 . Across all trials, field males, males presented with silk from well-fed females, and males presented with silk from virgin females engaged in more vigorous courtship compared to their counterparts in the opposite treatment. Additionally, the interaction between female mating status and male rearing environment is evident in the differences in responses of field males and lab males to virgin and mated silk, shown in Figure 3b , wherein lab-reared males showed little discrimination based on female mating status and field-reared males performed significantly fewer cheliceral strikes per courtship bout when encountering silk from mated females.
Live mating experiment
Likelihood of courtship and courtship latency When the full model for the probability to engage in courtship in live mating trials was compared with a null model, the full model was found to better explain the variation in courtship likelihood (X 2 = 15.543, df = 7, P = 0.0296) and further comparisons showed that the removal of mating status from the model resulted in a significant change in explanatory power (X 2 = 10.014, df = 4, P = 0.0402), indicating that males were much more likely to court virgin females rather than mated females. Latency to begin courtship was influenced by several factors (whole model-X 2 = 22.963, df = 7, P = 0.0017), namely the mating status of the paired female (X 2 = 5.866, df = 1, P = 0.0154) and the rearing environment of the focal male (X 2 = 10.212, df = 1, P = 0.0014), as well the interaction between these factors (X 2 = 4.956, df = 1, P = 0.026), as can be seen in Figure 4a and Table 2 .
Likelihood of receptivity and receptivity latency
When the full model for the female likelihood to show receptivity was compared with the null model, the full model was significantly better (X 2 = 27.497, df = 7, P = 0.0002). Further model comparisons showed that female mating status was the only effect to show significant influence (X 2 = 25.595, df = 4, P < 0.0001), with virgin females responding at a higher proportion. Latency to display receptive behaviors matched this relationship (whole LIKELIHOOD refers to the probability that females will display receptivity, LATENCY refers to the time elapsed between the trial start and the first display, and DISPLAY refers to the number of receptivity displays recorded during the trial. Asterisks (*) next to values indicate statistical significance (alpha = 0.05) while asterisks between terms in the Effects Tested column indicate interactions.
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Behavioral Ecology model-X 2 = 28.531, df = 7, P = 0.0002; female mating status-X 2 = 22.136, df = 1, P < 0.0001; Figure 4b ), with virgin females responding faster to male courtship than mated females. These results are summarized in Table 1 .
Likelihood of copulation and copulation latency
The likelihood of a trial to end in successful copulation was significantly influenced by female mating status and male rearing environment (whole model comparison-X 2 = 48.855, df = 7, P < 0.0001; female mating status-X 2 = 42.497, df = 4, P < 0.0001; male rearing environment-X 2 = 10.510, df = 4, P = 0.0326). Overall, trials involving virgin females and trials involving field-reared males were more likely to result in successful copulation. Analysis of latency to copulation followed the same pattern (whole model-X 2 = 52.9, df = 7, P < 0.0001; female mating status-X 2 = 41.275, df = 1, P < 0.0001; male rearing environment-X 2 = 10.233, df = 4, P = 0.0014; Figure 5b ), with trials involving virgin females and trials involving field-reared males proceeding to copulation significantly sooner than all other trials. These analyses are summarized in Table 3 .
Courtship behaviors
Male courtship vigor (i.e., cheliceral strikes-per-bout) was significantly influenced by 2 factors in the model comparisons (whole model vs. null model-X 2 = 144.75, df = 7, P = 0.0002; Figure 5a ). First, males engaged in significantly less vigorous courtship when Latency to begin courtship for males in the Silk Experiment, represented by a survivorship curve. The maximum proportion for a given category is representative of the total proportion of individuals that engaged in courtship. Panel a represents a comparison of male response to virgin or mated females and panel b represents the interaction between male rearing and female mating status, comparing the differences in response to virgin or mated females across male rearing treatments. For the legend: "Field + Mated" represents a trial where a field-reared male was exposed to silk from a mated female, etc.
paired with mated females (X 2 = 63.154, df = 4, P = 0.0159), regardless of male rearing environment. Second, field-reared males also performed significantly more cheliceral strikes-perbout than their lab-reared conspecifics (X 2 = 67.558, df = 4, P = 0.011), regardless of the female treatment they were paired with. The model comparisons investigating female receptivity behaviors showed that the full model was significantly better than the null model (X 2 = 114.41, df = 7, P < 0.0001; Figure 6a ), with further comparisons also showing a significant influence of female mating status (X 2 = 113.99, df = 4, P < 0.0001), where virgin females were more receptive, and male rearing environment (X 2 = 13.276, df = 4, P = 0.01), where females were more receptive to field-reared males. Additionally, removing the interactions between female mating status and hunger status (X 2 = 8.507, df = 2, P = 0.0142), male rearing environment and female mating status (X 2 = 12.548, df = 2, P = 0.0019; Figure 6b ), male rearing environment and female hunger status (X 2 = 8.317, df = 2, P = 0.0156), and the 3-way interaction between all main effects (X 2 = 7.167, df = 1, P = 0.0074) also yielded significant differences in explanatory power between the full and reduced models. See Tables 1 and 2 for summaries.
DISCUSSION
Support for hypotheses
Support was not found for the hypothesis that female mating and hunger status would have interactive effects on male courtship behavior as there was no statistically significant interaction between these 2 states in any examination of courtship vigor, courtship likelihood, or latency to begin courtship. However, as main effects in the statistical models constructed, female mating status played a role in governing male courtship behavior in all metrics examined and female hunger status was mainly important when only female silk was present. Support was found for the hypothesis that experience may modify male mate choice. As a main effect, male rearing environment influenced male courtship vigor when a male was isolated or paired with a female (Silk Experiment and Live Mating Panel a shows the latency for males to begin courting in the Live Mating Experiment, comparing the differences in response to virgin or mated females across male rearing treatments. Panel b shows the latency for females to display receptivity in the Live Mating Experiment, comparing mated and virgin females overall.
The maximum proportion for a given category is representative of the total proportion of individuals who responded. For the legend in Panel a: "Field + Mated" represents a trial where a field-reared male was exposed to silk from a mated female, etc.
Experiment, respectively) and the latency for males to begin courtship during live mating trials. A significant interaction between a male's rearing environment and the mating status of its paired female was also found to influence courtship vigor and latency to court in the Silk Experiment and the latency to court in the Live Mating Experiment, which shows behavioral difference between field-reared and labreared females that depend on the quality of the female present and the background of the male, indicative of complex male mate choice.
Implications for male mate choice
The results of this study confirm that male S. ocreata modify their behavior in response to changes in female quality but suggest that male preference for one state is independent of a female's other states. While the effect of these states on male courtship may be additive (i.e., mated females are less attractive than virgin females and mated-deprived females may be less attractive than matedfed females, though at the same level that virgin-deprived are less attractive than virgin-fed females), there does not appear to be a multiplicative effect which would cause one group of females to be disproportionately less attractive than others. However, there were striking differences in the pattern of mate choice across male rearing status and the degree to which they expressed this choice. For example, in the Silk Experiment, an examination of the interaction between male rearing environment and female mating status shows that lab-reared males were just as vigorous in their courtship regardless of whether the female had already mated, while field-reared males showed a dramatic decrease in courtship vigor and were much slower to begin courtship toward cues from mated females. This was somewhat reversed in the Live Mating Experiment, which showed that although both lab-reared and field-reared males showed decreased courtship vigor towards mated females, fieldreared males began courtship just as quickly for mated females as they did for virgin females. These results may indicate the fitness benefits of male mate choice can vary based on the information in the environment as well as female quality. As a speculative example for this species, while female silk cues are sufficient to stimulate courtship in male S. ocreata, the presence of silk and silk-bound chemical cues alone may not necessarily indicate a female is in the immediate area or in a position suitable to receive male courtship signals. Therefore, in circumstances where a male is not able to locate a female, it may be advantageous to be more selective. Not only would it be energetically costly for a male to court when there is less probability of a female receiving his signals, but the dark forelegs tufts and rapid motion associated with male courtship in S. ocreata greatly increase the probability of detection by nearby predators (Pruden and Uetz 2004; Roberts et al. 2007; Clark et al. 2016) . Males that have experience courting in the presence of predators or in the complex environment of a deciduous leaf-litter habitat may therefore be more likely to exhibit mate choice when movement (and therefore dispersal or ability to respond to predators) and information are limited. This is consistent with the interaction between female mating status and male rearing in both latency and vigor and the lack of discrimination in lab-reared males which lack this experience. It is also possible that this difference in selectivity is similar to that which is displayed by females of this species, who become increasingly selective when exposed to a greater number of males while maturing (Stoffer and Uetz 2015) . Due to their isolation, lab-reared males have no experience with females and might therefore show less differences in courtship vigor based on female quality. Conversely, when a female is present, it may be advantages to be less selective with respect to latency to begin courtship since female S. ocreata display "first-male bias" and are more likely to mate with the first male to court (Scheffer et al. 1996) . This example is also consistent with the trends described above, where males that have potentially experienced intrasexual competition in the field (i.e., field-reared males) began courtship just as quickly regardless of female state and were more likely to successfully copulate with their matched female.
Insights from female responses
Female behavior was examined under 2 contexts-with and without a male present-to determine the baseline response of females with different state combinations and to investigate possible changes to female behavior as a result of different levels of male courtship investment, i.e., male choice. In the Playback Experiment, female state did not influence likelihood or latency to respond, but female receptivity did vary. These results are not especially surprising since the artificial stimulus used in these experiments is active before the female is introduced to the arena and therefore has no delay in initiating courtship, which (as already stated) can influence female behavior. Most importantly, this experiment indicates that mating and hunger status individually effect and have an interactive effect on female receptivity behavior, with a strong reduction in receptivity in mated females and an increased level of receptivity in food-deprived virgins. Despite the statistical significance, examination of the data from this experiment shows almost no difference in response between fed and food-deprived females. This suggests that the statistical difference between these 2 groups may be due solely to the interaction and the structure of the analysis and not biologically relevant on its own (i.e., the removal of the main effect from the model would appear to have a significant impact due to the simultaneous removal of the significant interaction containing it). The importance of female mating status and similar interactive effects can also be seen in female behavior data from the Live Mating Experiment, as well as differences and interactions relating to the rearing environment of the paired male. Comparing these contexts suggests that mating status is the key internal factor influencing female receptivity. However, male identity can alter female behavior is surprising ways, clearly illustrated by the lack of receptivity differences in females paired with field-reared males.
CONCLUSIONS
In this study, male behavior was examined in different environments and with access to different levels of information. Live mating trials provide an excellent opportunity to examine the real costs and benefits of mate choice strategies inferred from experiments with isolated individuals, as well as modifications to these strategies that arise from changes in context. In contrast to their behavior in silk-only experiments, lab-reared males demonstrated a clear preference for virgin females in these live mating trials, matched by an equal pattern of receptivity in their female partners. This suggests that in the simplest mating system, without interaction of additional abiotic or biotic factors, female mating status drives both female reproductive behavior and male mate choice. However, in live mating trials involving field-reared males, with the possible influence of additional factors inherent in development and maturation under field conditions, the effect of female mating may be reduced. The implications for the effect of female hunger status on male behavior are not as clear. Previous studies have demonstrated males are able to detect and respond to this state, but hunger status was rarely significant on its own in this study. However, hunger was often significant and interactive with other variables in determining female behavior, suggesting that either the ability to detect or produce cues relating to female hunger status is context dependent or the benefit of responding to these cues is variable. It is possible that future studies may see an increased influence of female feeding history by increasing the starvation burden to a point where its effects become more evident, as a 7-day period of food deprivation may not be sufficient to trigger a male response. Though not discussed here in great detail, the increased receptivity of the food-deprived females in some contexts may be a by-product of increased contact with male signals due to increased foraging and locomotor activity (Cady 1983; Walker et al. 1999) or suggestive of so-called "femme fatale" or illicit signaling behavior (Haynes and Yeargan 1999) , warranting further study.
Changes in reproductive behavior can be indicative of alternative mating tactics or behavioral phenotypes (Dominey 1984) , which have been observed in spiders due to several factors including age, condition, and mating history (Gaskett et al. 2004; Wilgers et al. 2009 ). Confirming that the differences in male behavior observed are the result of change in reproductive tactics would require extensive additional research. If this was the case, the ultimate benefit of a reduced preference for virgin females in field-reared males would be a higher probability of copulation with mated females. Such a relationship would be represented in the analysis by a significant interaction between female mating status and male rearing environment in the likelihood of successful copulation, but this was not seen. However, age-related changes in behavior have been observed in male S. ocreata and congenerics (Rundus et al. 2015; Nickley et al. 2016 ) and it is possible that different results would be observed under actual field conditions or as the breeding season progresses. In their natural environment, the benefits of being choosy may be greatest when males have yet to secure a successful mating or fertilize any eggs and diminished after males have already mated, as every additional copulation then represents additional fitness benefits. Since there is inherent risk of cannibalism in each interaction and S. ocreata participates in a mating system characteristic of scramble competition (Alcock 2005; Norton and Uetz 2005) , mating may not be guaranteed. As such, it would be advantageous for males to choose a female with a high probability of being receptive. However, once a male has secured paternity through a successful copulation, the cost of selectivity (i.e., the cost of missing out on additional fitness benefits from secondary mating) may outweigh the benefit to health and preservation of resources.
A robust characterization of the environmental and social conditions experienced by field males as they develop, and the courtship signals they produce, may allow for the future production of artificial signals in playback experiments. These experiments will then enable more controlled comparisons between female response to field and lab-reared male courtship. However, it is currently unknown what constitutes "field experience" or what differences there are in development and life history between field-reared and lab-reared males. Selective pressures over the course of the field season from factors such as predation may be biasing the results obtained in this study by eliminating lower quality males and males more likely to display mate preference or elicit differential female response. The experimental design employed in this study allows for confirmation that lab-reared males are naïve and unmated, but no such confirmation is possible for field-reared males. Indeed, it is unlikely that field-reared males would have remained unmated and inexperienced during the postmaturation and precollection weeks they were active in the field. While male S. ocreata will mate multiple times, it is unknown how successive copulations influence their behavior and this may therefore have influenced the results of this study. Furthermore, there is likely significant variation in rearing environments within field-reared males across space-in terms of microhabitat-and across time-from season to season and year to year. Unfortunately, this uncertainty makes it difficult to directly compare lab-reared and field-reared spiders and draw any strong conclusions about what is contributing to the variation observed. For this study, the goal of which was to examine if males from different backgrounds behaved differently without necessarily concluding why, the "field" environment was considered a black-box category. While this is obviously not a biologically complete picture of what the field environment is and contains, no further conclusions may be possible until comprehensive studies have examined the effects of different biotic and abiotic factors on S. ocreata development and adult behaviors.
Tests for multiaxis male mate choice with female feeding and mating variation in other taxa have yielded a broad spectrum of results, and to this growing area of study we add our own (Lelito and Brown 2008; Schulte et al. 2010; MacLeod and Andrade 2014; Assis et al. 2017 among others) . In summary, this study reinforces the complexity of the mating system of S. ocreata by highlighting the variation displayed by both males and females across contexts, physiological state, life history, and experience. The primary goal of this work was to compare the effects of female mating and feeding status on male behavior and to determine if they are interactive. Evidence now suggests that 1) the effects are independent and that female mating status is the main factor driving mate choice in both males and females and 2) the effect of female hunger status may be context dependent. The secondary goal of this work was to compare the behaviors of males from different backgrounds to determine if and how potential experience differences interacted with female state. This study has shown that 1) field "experienced" males display an overall higher level of courtship vigor and 2) there are differences in patterns of choice between lab-reared and fieldreared males which may be indicative of complex interactions with social and environmental factors. Additionally, some aspects of male courtship behavior and female response may show a greater or lesser influence of female state-possibly suggesting different costs, benefits, or meanings of each display. Although the majority of sexual selection research has focused on how female mate choice exerts selective pressure on the evolution of male traits, there is a growing body of work examining how male mate choice can influence the evolution of female traits as well (Clutton-Brock 2007) . Considering this, the strong male preference observed herein for virgin females may therefore help inform future work examining the evolution of female chemical cues and behaviors.
